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(54) EXPANSION ANCHOR

(57) An expansion anchor includes a hollow shaft 3
and a bolt 9 to be screwed thereinto from a base end
side of the hollow shaft. The hollow shaft 3 is formed, at
a portion thereof short of a tip end 3a, with a radially
expansive portion 7 which includes slits 6, and a multi-
plicity of balls 10 are inserted into the radially expansive
portion 7. When the bolt 9 is screwed, the balls 10 push
against each other and move radially. As a result, the
radially expansive portion 7 deforms expansively for se-
curely engaging with a pre-formed hole 2. Even when
the radially expansive portion 7 expands, stress does not
concentrate at a specific portion of an installation region
1, so that it is possible to provide a high withdrawal re-
sistance while preventing cone-type failure. The man-
agement of the withdrawal resistance can be easily per-
formed by screwing the bolt 9) using a wrench with a
torque limiter or by screwing the bolt 9 using a torque
wrench.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an expansion
anchor of the type in which a portion of a hollow shaft is
bulged by screwing of a bolt.

BACKGROUND ART

[0002] Expansion anchors are used to attach various
members such as fittings to stony structures made of
concrete or the like, as in the case where various mem-
bers are suspended from the inner surface of a tunnel,
for example. There are various types of expansion an-
chors. In general, the tip end of a hollow shaft (anchor
body) is divided by a plurality of circumferentially sepa-
rated longitudinal slits to provide an radially expansive
portion (expansion portion), and the radially expansive
portion is bulged utilizing a wedging action caused by
screwing of a bolt.
[0003] There is also an expansion anchor of the type
that utilizes, instead of a bolt, a pin with a tapering tip
portion having a progressively decreasing diameter to-
ward the tip end. In this case, the pin is impacted with a
hammer for insertion into the hollow shaft.
[0004] There is also a proposal in which an anchor
body is expanded indirectly instead of being directly ex-
panded with a bolt. In one example shown in Patent Doc-
ument 1, a ball made of metal is inserted into a radially
expansive portion for bulging the radially expansive por-
tion due to an expanding action caused by the ball. Patent
Document 2 also discloses a similar configuration. Patent
Documents 3 and 4 disclose use of a fusiform member
as a radially expanding member instead of the ball.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]

Patent Document 1: JP 2004-218421A
Patent Document 2: Microfilm of JP H4-272019U
Patent Document 3: Japanese Registered Utility
Model No. 3007126
Patent Document 4: Microfilm of JP S52-6970U

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] As described above, the expansion anchors
disclosed in the patent documents and the hit-type ex-
pansion anchors provide a withdrawal resistance by ex-
panding the radially expansive portion located at the tip
end of the hollow shaft into a flaring shape and pressing
the radially expansive portion against a pre-formed hole.

However, in reality, there is a limit on how much the with-
drawal resistance of the conventional expansion anchors
can be increased (in the case of the hit-type expansion
anchors, the withdrawal resistance is fixed theoretically).
[0007] A troublesome problem regarding an expansion
anchor is a phenomenon called cone-type failure wherein
a portion of concrete centered around the expansion an-
chor at the installation region comes off in the form of a
cone. Such a cone-type failure occurs due to the expan-
sion of the radially expansive portion of the anchor.
Therefore, in order to prevent the cone-type failure, an
expansion anchor is designed in a manner such that the
radially expansive portion thereof do not expand exces-
sively, which is one of the detrimental factors in enhanc-
ing the withdrawal resistance.
[0008] A more troublesome problem is that, when an
anchor is engaged into the ceiling of a concrete tunnel
for example, the weight of a workpiece acts as a down-
ward load on the expansion anchor, and this downward
load may cause cone-type failure. In other words, even
if there appears no problem at the time of installation, a
cone-type failure occurs as a delayed failure upon lapse
of time.
[0009] The present invention, which has been con-
ceived in light of the aforementioned circumstances, pro-
vides an expansion anchor that keeps a high withdrawal
resistance while also providing a high functionality for
preventing a cone-typefailure.

MEANS FOR SOLVING THE PROBLEM

[0010] The present invention includes various structur-
al features. Typical aspects thereof are identified as first
to fifth inventions.
[0011] The first invention is a generic invention which
provides an expansion anchor includes a hollow shaft to
be inserted, from a tip end thereof, into a pre-formed hole
formed in an installation region, and a bolt to be screwed
into the hollow shaft from outside the installation region,
wherein the hollow shaft is formed with a radially expan-
sive portion, that is weakened to be bulgeable, at a por-
tion of the hollow shaft within the pre-formed hole and
short of the tip end of the hollow shaft, and the hollow
shaft is internally provided with a radially expanding ac-
tion member that pushes the radially expansive portion
radially outward in response to pushing action caused
by screwing of the bolt into the hollow shaft.
[0012] According to the present invention, the hollow
shaft does not need to be open at both ends if at least
its base end (to be located outside of the installation re-
gion) is open. Therefore, the tip end to be inserted into
the pre-formed hole may have a solid structure. Further,
according to the present invention, a plurality of radially
expansive portions can be provided. These are the major
features of the present invention.
[0013] In general, the expansion anchor may usually
have a perfect circular shape, but its shape is not nec-
essarily limited to a perfect circle in the present invention.

1 2 



EP 3 252 243 A1

3

5

10

15

20

25

30

35

40

45

50

55

For example, the present invention may comprise a struc-
ture in which the entire hollow shaft or only the radially
expansive portion is formed in a non-perfect circle such
as an ellipse or a polygon. Examples of a non-perfect
circular shape also include a shape that basically follows
a perfect circle but has two flat faces which are parallel
to each other. The pre-formed hole is generally formed
in a perfect circular shape at the installation region using
a rotating drill. However, when the hollow shaft has a
non-perfect circular shape, the pre-formed hole may be
processed into a non-perfect circle corresponding to the
shape of the hollow shaft.
[0014] The second invention is a development of the
first invention in which the radially expansive portion of
the hollow shaft is formed with a plurality of axially elon-
gated slits that are circumferentially spaced from each
other. In other words, according to the second invention,
a portion of the hollow shaft in which the slits are formed
serves as a radially expansive portion. The number of
the slits may be selected depending on the outer diameter
or thickness of the hollow shaft. In general, three to six
slits may be usually formed. The slits in a group may be
arranged at circumferentially regular or irregular inter-
vals.
[0015] The third invention is a development of the first
invention or second invention in which the radially ex-
panding action member includes a multiplicity of metal
balls, and the radially expansive portion is allowed to
bulgingly deform due to the balls moving radially outward
in group in response to a push from the bolt. Regarding
the balls in the group may be entirely equal in diameter,
or they may include a plurality of diametrically different
balls.
[0016] The fourth invention is a development of the
third invention. According to the third invention, the radi-
ally expansive portion has an axial length that is at least
twice an outer diameter of the hollow shaft. The fourth
invention may also be regarded as a development of the
first invention or second invention. One major feature of
the present invention is that the length of the radially ex-
pansive portion can be set to be extended.
[0017] A member such as a fitting may be attached to
the expansion anchor. The fifth invention is an implemen-
tation in this regard. More specifically, the fifth invention
is based on the third invention, wherein wherein the hol-
low shaft is configured such that the other end is exposed
outside the installation region, at least a portion of the
hollow shaft that is exposed outside of the installation
region is formed with fixing threads, and the fixing male
screw is engageable with a nut for mounting another
member. The fifth invention may also be regarded as a
development of the first, second invention, or fourth in-
vention.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0018] According to the present invention, the radially
expansive portion is located at a position short of the tip

end of the hollow shaft. Therefore, the radially expansive
portion does not expand into a flaring form but bulges
expansively in a direction orthogonal to the axis. This
bulging portion comes into biting engagement with the
pre-formed hole at the installation region (made of con-
crete), consequently providing a resistance against with-
drawal.
[0019] According to the present invention, even if the
radially expansive portion comes into deep biting en-
gagement with the installation region, such an engage-
ment does not lead to much increase of the compressive
force with which the radially expansive portion presses
against the installation region in a direction orthogonal
to the axis. The reason for this seems to be that the bulg-
ing portion engages with the installation region in a biting
manner. Accordingly, it is possible to provide a high with-
drawal resistance while preventing a cone-type failure.
[0020] One feature of the present invention resides in
that the length of the radially expansive portion can be
increased. Thus, the radially expansive portion having
an increased length can come into deep biting engage-
ment with the installation region, thereby contributing
greatly to an increase in withdrawal resistance (namely,
fastening strength).
[0021] Due to the above-noted features of according
to the present invention, the expansion anchor is partic-
ularly useful as a fastening tool to suspend a member
from a concrete ceiling of a tunnel or building. Further-
more, according to the present invention, when the hook-
ing force of the radially expansive portion reduces due
to a timewise damage of the installation region for exam-
ple, the withdrawal resistance may be restored by screw-
ing the bolt to expand the radially expansive portion.
Therefore, it is easy to adjust the torque to keep the with-
drawal resistance at an appropriate value. In the case
where the bolt has slided down, it is preferable to expand
the radially expansive portion again after pushing the bolt
back to the original depth.
[0022] In the expansion anchor according to the
present invention, since the radially expanding action
member can be easily retreated by screwing back the
bolt, it is easy to pull out the expansion anchor, which
has been once attached, against the elastic force of the
radially expansive portion. Accordingly, it is also easy to
remove an unnecessary anchor and replace it with a new
one.
[0023] The slits formed according to the second inven-
tion as a means for forming the radially expansive portion
is preferable because this enables the radially expansive
portion to bulge in a reliable manner. Moreover, when
the radially expansive portion is divided by the slits into
a plurality of circumferentially separated sections, a spe-
cific one or ones of the sections are more likely to bulge
for more readily coming into biting engagement with the
installation region to provide better hooking to the instal-
lation region. Accordingly, it is possible to provide a high
fastening strength can be reliably obtained while prevent-
ing cone-type failure.
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[0024] Metal balls (particularly steel balls) are widely
used in various fields such as bearings, and various types
of metal balls are commercially available. Therefore,
when the metal balls are used as the radially expanding
action member as set forth in claim 3, it is possible to
suppress the manufacturing cost due to ready availability
of metal balls requiring no dedicated manufacturing ap-
paratus.
[0025] Furthermore, when the metal balls are used as
the radially expanding action member, the metal balls
come into point contact with the radially expansive por-
tion from the inside, so that the entire circumference of
the radially expansive portion is not pressed uniformly.
Instead, only specific circumferential positions of the ra-
dially expansive portion are pressed outward by the metal
balls. As a result, the area of engagement of the radially
expansive portion with the installation region is reduced,
so that the radially expansive portion can easily come
into biting engage with the installation region. In other
words, the radially expansive portion can easily come
into deep engagement with the installation region in the
manner of biting into the installation region. In this way,
it possible to provide a high hooking force while suppress-
ing the compressive force against the installation region.
[0026] Therefore, the metal balls as the radially ex-
panding action member is advantageous in providing a
high fastening strength without causing cone-type failure.
[0027] The length (axial length) of the radially expan-
sive portion may be selected depending on the required
withdrawal resistance. When the radially expansive por-
tion has an axial length that is at least twice an outer
diameter of the hollow shaft as in the fourth invention,
the radially expansive portion can be bulged reliably, so
that a high withdrawal resistance (fastening strength) can
be secured more reliably.
[0028] In the case of a suspending expansion anchor
for use on the ceiling of a tunnel for example, the main-
tenance of a predetermined withdrawal resistance is a
very important factor. Therefore, the magnitude of the
withdrawal resistance is checked regularly or as needed,
and the withdrawal resistance, having dropped, should
be restored to a preset value. A checking operation may
be performed by rotating the bolt using a torque wrench.
However, if a suspended member has to be removed
every time the bolt is rotated using a torque wrench, the
checking operation becomes troublesome.
[0029] By contrast, if the fifth invention is employed,
the head of the bolt pressing the radially expanding action
member can be kept exposed outside of the installation
region, so that the bolt can be rotated using a torque
wrench while a member such as a ceiling panel or a ceil-
ing frame is kept suspended by the expansion anchor.
Accordingly, a maintenance operation can be performed
very easily for checking whether or not the withdrawal
resistance of the expansion anchor is kept at a predeter-
mined value and restoring the withdrawal resistance
which has dropped.
[0030] In the maintenance operation, it is possible to

try to rotate the bolt using a power-assisted wrench with
a torque limiter (or a clutch) instead of rotating the bolt
using a torque wrench. In this case, when the withdrawal
resistance has decreased, the bolt rotates, and when a
predetermined withdrawal resistance is kept, the bolt
does not rotate. Therefore, the operating efficiency is
very high.

BRIEF DESCRIPTION OF DRAWINGS

[0031]

FIG. 1(A) is a sectional side view of a first embodi-
ment, FIG. 1(B) is a sectional view taken along line
B-B in FIG. 1 (A), FIG. 1 (C) is a sectional view taken
along line C-C in FIG. 1 (A), FIG. 1 (C’) is a sectional
view of another example, FIG. 1 (D) is a sectional
view taken along line D-D in FIG. 1 (A), FIG. 1(E) is
a view showing a radially expanded state, and FIG.
1 (B) is a view showing a state in which a member
has been attached.
FIG. 2 (A) is a sectional side view of a second em-
bodiment, FIG. 2 (B) is a side view of a third embod-
iment, FIG. 2(C) is a side view of a fourth embodi-
ment, and FIG. 2 (D) is a side view of a fifth embod-
iment.
FIG. 3 (A) is a partially cutaway side view of a sixth
embodiment, FIG. 3(B) is a partial side view of a
seventh embodiment, FIG. 3 (C) is a partially cuta-
way side view of a eighth embodiment, FIG. 3 (D) is
a sectional view taken along line D-D in FIG. 3 (C),
and FIG. 3(E) is a partially cutaway side view of a
ninth embodiment.
FIG. 4 (A) is a sectional side view of a tenth embod-
iment, FIG. 4(B) is a partially cutaway side view of
an eleventh embodiment, FIG. 4 (C) is a sectional
side view of a twelfth embodiment, and FIG. 4 (D) is
a sectional side view of a thirteenth embodiment.
FIG. 5(A) is a sectional side view of a fourteenth em-
bodiment, FIG. 5(B) is a sectional side view of a fif-
teenth embodiment, FIG. 5(C) is a sectional view
taken along line C-C in FIG. 5(B), FIG. 5(D) is a sec-
tional side view of a sixteenth embodiment, FIG. 5(E)
is a sectional side view of main portions of a seven-
teenth embodiment, and FIG. 5(F) is a sectional view
taken along line F-F in FIG. 5(E).
FIG. 6 is a view showing a use example of the ex-
pansion anchor shown in FIG. 3(A).
FIG. 7 illustrates a test for examining the advanta-
geous effects of the present invention.
FIGS. 8 (A) to 8 (C) are views showing preferred
bulging states of a radially expansive portion, FIG.
8 (D) is a sectional view of an eighteenth embodi-
ment, FIG. 8(E) is a sectional view of a nineteenth
embodiment, FIG. 8(F) is a sectional view of a twen-
tieth embodiment, and FIG. 8(G) is a sectional view
of a twenty-first embodiment.
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MODE FOR CARRYING OUT THE INVENTION

(1) First Embodiment (FIG. 1)

[0032] Next, embodiments of the present invention will
be described based on the drawings. First, description
is made as to a first embodiment shown in FIG. 1. An
expansion anchor includes a hollow shaft 3 to be inserted
into a pre-formed hole 2 in an installation region 1 made
of concrete. In the hollow shaft 3, an end that will enter
the pre-formed hole 2 is defined as a tip end 3a, and an
opposite end is defined as a base end 3b. The base end
3b of the hollow shaft 3 is provided with a flange (or head)
4 having a hexagonal shape or a circular shape.
[0033] The hollow shaft 3 is formed with a hole 5 over
the entire length thereof, and the hole 5 has a small-
diameter portion 5a within a certain range from the tip
end 3a. The tip end 3a may have a solid structure in which
the small-diameter portion 5a of the hole 5 is eliminated.
The hole 5 may have a constant diameter over the entire
length thereof, and the tip end 3a is closed with a plug.
The hollow shaft 3 may also be formed by stretching a
hollow coil pipe with a small-diameter hole. In this case,
the inner diameter of the material coil pipe remains as
the diameter of the small-diameter portion 5a, whereas
the other portion of the hollow shaft is diametrically en-
larged by drilling or the like. The material of the hollow
shaft 3 may be selected as needed. When high durability
and rust-resistance are required as in the case of anchors
for tunnels, it is preferable to use a hollow shaft made of
stainless steel. Steel that has undergone surface treat-
ment such as plating is also preferable.
[0034] Within a certain range of the hollow shaft 3 short
of the tip end 3a, there are formed four axially elongated
slits 6 at regular circumferential intervals. The portion of
the hollow shaft in which the slits 6 are formed serves as
an radially expansive portion 7 that is bulgeable in a di-
rection orthogonal to the axis. Therefore, the slits 6 do
not extend into the tip end 3a of the hollow shaft 3. Fur-
ther, the slits 6 communicate with the inside and outside
of the hollow shaft 3. The slits 6 may be machined using
a milling cutter, for example.
[0035] The number of the slits 6 can be selected as
desired. In the example shown in FIG. 1(C’), six slits 6
are formed. The axial length of the radially expansive
portion 7 is set to be about twice the outer diameter of
the hollow shaft 3. When the radially expansive portion
7 has a small thickness, the radially expansive portion 7
can be easily deformed even if its length is shorter than
twice the outer diameter of the hollow shaft 3.
[0036] The hole 5 of the hollow shaft 3 is formed with
a female screw 8 in a portion (toward the base end 3b)
short of the radially expansive portion 7, and a hexagonal-
socket bolt 9 is screwed into the female screw 8 from the
outside (the female screw 8 may extend into the radially
expansive portion 7). A multiplicity of metal balls (steel
balls) 10, as an example of radially expanding action
member, are accommodated between the bolt 9 and the

tip end 3a. The outer diameters of the balls 10 are set to
be slightly smaller than the inner diameter of the hole 5,
and in the illustrated example, the balls 10 have an equal
outer diameter. It will be appreciated that the outer diam-
eter of the balls 10 may be set to be substantially equal
to the inner diameter of the hole 5.
[0037] When the bolt 9 does not press the balls 10,
part of the balls 10 is located on the base end side with
respect to the radially expansive portion 7. The outer di-
ameter of the hollow shaft 3 and the inner diameter of
the hole 5 may be set as desired. In other words, the
thickness of the hollow shaft 3 may be set as desired.
[0038] A method of using the expansion anchor is sim-
ilar to a conventional method. As shown in FIG. 1(E), the
hollow shaft 3 is fitted into the pre-formed hole 2 in the
installation region 1, and then the bolt 9 is screwed there-
into using a hexagonal bit 11. This causes the group of
balls 9 to be moved in a chain reaction manner. The ad-
jacent balls 10 are in contact with each other, and there-
fore, the balls 10 also tend to move radially of the hollow
shaft 3. As a result, the radially expansive portion 7 de-
forms expansively over a long range and engages with
the pre-formed hole 2 in the installation region 1.
[0039] The radially expansive portion 7 is shown to ex-
pand into a plateau shape by solid lines in FIGS. 1 (E)
and 1(F). In reality, however, the radially expansive por-
tion 7 is more likely to bulge in a mountain-like shape (or
a bow shape) as indicated by a chain line in FIG. 1 (E)
because the balls 10 pressing against one another act
such that the balls 10 located at weaker portions are
pressed more strongly. More specifically, although the
balls 10 come into point contact with the radially expan-
sive portion 7, the ball 10 that comes into contact with
the weakest portion of the radially expansive portion 7 is
most strongly pressed by the other balls 10, so that the
radially expansive portion 7 is deformed in a mountain-
like shape. When the length of the radially expansive
portion 7 is reduced, the radially expansive portion 7 in-
evitably bulges in a mountain-like shape or a bow shape.
[0040] The radially expansive portion 7 is divided into
a plurality of sections by the slits 6. It is more likely that
the weakest one of these sections is concentratively
bulged rather than all sections bulging uniformly. There-
fore, in general, bulging may occur only at one circum-
ferential position of the radially expansive portion 7.
[0041] Incidentally, the tip end of a conventional ex-
pansion anchor expands in a flaring manner. Such an
expansion state is schematically shown by a chain line
in FIG. 1(F), and a radially expansive portion is denoted
by a reference numeral 7a. In this case, the leading end
of the radially expansive portion 7’ moves as indicated
by an arrow 7b, and a pressing force (compressive load)
acts on the installation region 1 made of concrete as in-
dicated by the arrow 7b. In this state, a boundary may
be generated in the installation region 1 made of concrete
between a portion pressed strongly by the radially ex-
pansive portion 7a and a portion not so pressed. Thus,
it is speculated that a sliding phenomenon occurs along

7 8 



EP 3 252 243 A1

6

5

10

15

20

25

30

35

40

45

50

55

the boundary, resulting in cone-type failure. Furthermore,
the radially expansive portion 7a applies a pressing force
in the direction 7b which is inclined relative to the anchor
axis, and it is also speculated that the boundary is likely
to form a conical surface, which may promote cone-type
failure.
[0042] According to the illustrated embodiment of the
present invention, on the other hand, the radially expan-
sive portion 7 is deformed into a mountain-like shape or
the like. It is thus speculated that the radially expansive
portion 7 engages with the installation region 1 while bit-
ing into the structural material instead of strongly press-
ing against the installation region 1. In other words, it is
considered that the expansion anchor according to the
embodiment of the present invention is hooked to the
pre-formed hole due to biting rather than staying in the
pre-formed hole due to friction. This makes it possible to
achieve a high withdrawal resistance while preventing
cone-type failure.
[0043] Moreover, according to the embodiment of the
present invention, the radially expansive portion 7 bulges
in a direction orthogonal to the axis of the hollow shaft 3,
so that a boundary may not be formed in the installation
region 1 between a portion subjected to a strong pressing
force and a portion not subjected to a strong pressing
force. Instead, the pressing force (compressive stress)
acting on the installation region 1 changes gradually in
the axial direction, thereby contributing greatly to the pre-
vention of cone-type failure.
[0044] The hexagonal bit 11 is attached to a torque
wrench. The pushing force of the radially expansive por-
tion 7 against the pre-formed hole 2 is proportional to the
screwing torque of the bolt 9. Therefore, when a prede-
termined screwing torque is reached by screwing the bolt
9 with a torque wrench, rotation of the bolt is stopped.
The bolt 9 has deeply entered into the female screw hole
8 when the radially expansive portion 7 is bulged. There-
fore, a member 13 can be fixed to the base end surface
of the hollow shaft 3 by screwing a fastening bolt 12 into
the female screw hole 8. Accordingly, a state has to be
achieved in which the bolt 9 enters entirely into the female
screw hole 8 to allow another bolt to be further screwed
into the female screw hole 8 from the outside.
[0045] The use mode of the expansion anchor may be
set as desired depending on the conditions of the instal-
lation region. When the pre-formed hole 2 is formed in
the ceiling surface of a structure, it is sufficient that a
suspension bolt is screwed into the hollow shaft 3 from
below, and various members such as a ceiling panel is
suspended by the suspension bolt (this example will be
described later). It is sufficient that the length of the ra-
dially expansive portion 7 is set as desired depending on
the length of the hollow shaft 3, required withdrawal re-
sistance, or the like.

(2) Second to Fifth Embodiments (FIG. 2)

[0046] Next, second to fifth embodiments shown in

FIG. 2 will be described. According to the second em-
bodiment shown in FIG. 2(A), the base end 3a of the
hollow shaft 3 is provided with no flange, but the second
embodiment has otherwise the same structure as the
first embodiment. The radially expansive portion 7 is
shown to bulge in a trapezoidal shape. In reality, howev-
er, the radially expansive portion 7 is more likely to bulge
in a mountain-like shape as indicated by the chain line
in FIG. 1(E).
[0047] The third embodiment shown in FIG. 2 (B) and
the fourth embodiment shown in FIG. 2 (C) share a com-
mon structure in which the outer circumference of the
hollow shaft 3 is formed with an engaging male screw 15
for engagement with the pre-formed hole. In the example
shown in FIG. 2(B), a flange 4 is formed at the base end
3b of the hollow shaft 3, whereas a straight structure of
the hollow shaft without a flange 4 is obtained in the ex-
ample shown in FIG. 2(C). The engaging male screw 15
may have a pitch that is plural times larger than the thread
width for facilitating the inserting engagement into the
pre-formed hole 2 in the installation region 1. A plurality
of threads having different heights may also be formed.
[0048] In the case where the engaging male screw 15
is formed, when the flange 4 as shown in FIG. 2 (B) is
formed in a polygonal shape such as a hexagonal shape
that can be rotated using a spanner (wrench), the hollow
shaft 3 can be easily screwed into the pre-formed hole 2.
[0049] In the illustrated embodiment, the engaging
male screw 15 is formed only up to a position short of
the radially expansive portion 7. However, the engaging
male screw 15 may be formed to extend also over the
entirety of the radially expansive portion 7. The engaging
male screw 15 formed to extend over the radially expan-
sive portion 7 is expected to remarkably improve the with-
drawal resistance because the engaging male screw 15
comes into strong biting engagement with the pre-formed
hole 2 due to bulging of the radially expansive portion 7.
[0050] In the fifth embodiment shown in FIG. 2(D), a
multiplicity of annular projections 16 are formed on the
radially expansive portion 7. Each annular projection 16
has a cross-sectional shape of a right-angled triangle with
its inclined surface oriented toward the tip end 3a, con-
sequently providing a high withdrawal resistance. The
annular projections 16A may be replaced with a spiral
projection. Alternatively, the outer circumference of the
radially expansive portion 7 may be knurled.

(3) Sixth to Ninth Embodiments

[0051] Next, sixth to ninth embodiments shown in FIG.
3 will be described. In the sixth embodiment shown in
FIG. 3(A), a fixing male screw 16 for screwing engage-
ment with a nut 17 is formed within a certain range on
the base end side of the hollow shaft 3. Therefore, the
fixing male screw 18 serves as a metric screw thread.
[0052] In this embodiment, a member 13 is formed with
an attachment hole 19 in which the fixing male screw
portion 16 is fitted, and the member 13 is pressed against
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and fixed to the surface of the installation region 1 using
the nut 17. It is unnecessary to insert the bolt 9 entirely
into the hollow shaft 3, so that a bolt with a head can be
used as the bolt 9. Moreover, the radially expansive por-
tion 7 may be made to bulge in response to operating
the bolt 9 while the member 13 is fixed.
[0053] The seventh embodiment shown inFIG.3 (B)
isamodified example of the sixth embodiment. In this em-
bodiment, a flange 4 is provided on the hollow shaft 3, a
fixing male screw 16 is formed outwardly from the flange
4, and an engaging male screw 15 is formed on a side
opposite to the fixing male screw 16. The flange 4 may
preferably have a polygonal shape such as a hexagonal
shape.
[0054] In the eighth embodiment shown in FIGS. 3 (C)
and 3(D), an engaging male screw 15 is formed on the
outer circumference of the hollow shaft 3, and an engag-
ing hole 20 for fitting engagement with a polygonal bit 11
having a hexagonal shape or the like is formed at the
base end of the hollow shaft 3. Therefore, a flange 4 may
be unnecessary.
[0055] In the ninth embodiment shown in FIG. 3(E),
the bolt 9 for bulging the radially expansive portion 7a
has a hexagonal socket, and the bolt 9 is set to be ex-
posed to the outside of the hollow shaft 3 even in the
state where the radially expansive portion 7 is bulged.
The member 13 is fitted over the bolt 9 and fixed thereto
using a nut 17. Therefore, in this embodiment, the bolt 9
for bulging the radially expansive portion 7 is used to
attach (fix) the member 13. Further, a rotational operation
(torque adjustment) of the bolt 9 can be easily performed
by loosening the nut 17. The nut 17 also serves to prevent
the bolt 9 from loosening.

(4) Tenth to Thirteenth Embodiments (FIG. 4)

[0056] In the tenth embodiment shown in FIG. 4(A), a
hole 5 is formed in the hollow shaft 3 over the entire length
thereof, and a female screw 8 is formed in the hole 5 over
the entire length thereof, and a stopper bolt 21 is screwed
into the hollow shaft from the tip end thereof. In this em-
bodiment, use may be made of a pipe for forming the
hollow shaft 3, thus contributing to a cost reduction. Fe-
male screws 8 may be formed only on two sides flanking
the radially expansive portion 7. Also shown is a milling
cutter 22 that is machining the slits 6. Although the milling
cutter 22 is shown to be moved in the figure, the hollow
shaft 3 may be moved instead. A fixing male screw 16
such as shown in FIG. 3 (A) may be formed at the base
end 3b of the hollow shaft 3 in this embodiment as well.
[0057] Punching press may be used as a means for
forming the slits 6. More specifically, the slits 6 can be
formed through punching by inserting a grooved rod into
the hollow pipe 3 and moving a punch toward the groove
of the rod from the outside. The tip end of the hollow pipe
3 may be closed by crushing or squeezing deformation
instead of screwing a stopper bolt 21.
[0058] In the eleventh embodiment shown in FIG. 4(B),

the outer circumferential surface of the radially expansive
portion 7a is formed with wavy irregularities at a fine pitch.
This embodiment is similar to the embodiment shown in
FIG. 2(D), but differs from the embodiment shown in FIG.
2 (D) in that the irregularities are provided by forming a
multiplicity of grooves on the radially expansive portion
7. Therefore, the projections of the irregularities does not
provide resistance to insertion of the hollow pipe into the
pre-formed hole 2. Nevertheless, the projections come
into biting engagement with the pre-formed hole 2 when
the radially expansive portion 7 bulges, thereby providing
a high withdrawal resistance.
[0059] In the twelfth embodiment shown in FIG. 4(C),
two radially expansive portions 7 are formed as axially
separated from each other. With this configuration, the
two radially expansive portions 7 press against the pre-
formed hole 2 as axially spaced from each other. There-
fore, a very high withdrawal resistance may be expected.
Three or more radially expansive portions 7 may be
formed at positions that are axially separated from one
another. Further, the plurality of radially expansive por-
tions 7 may differ from each other in length.
[0060] In the thirteenth embodiment shown in FIG.
4(D), diametrically different balls 10 are used as the ra-
dially expanding action member. In this embodiment, the
group of the balls 10 can be caused to press against the
inner surface of the radially expansive portion 7 in a dis-
tributed manner as much as possible, so that the plurality
of sections divided by the slits 6 are easy to bulge indi-
vidually.

(5) Fourteenth to Seventeenth Embodiments (FIG. 5)

[0061] Next, fourteenth to seventeenth embodiments
shown in FIG. 5 will be described. In the fourteenth em-
bodiment shown in FIG. 5(A), a multiplicity of (a plurality
of) bowl-shaped elements 24 that overlap one another
are used as the radially expanding action member. The
outer circumference and inner circumference of the bowl-
shaped element 24 are respectively formed into tapered
surfaces 25 and 26 that are both inclined in the same
direction. The inclination angle of the inner tapered sur-
face 25 is smaller than the inclination angle of the outer
tapered surface 26. A portion other than the central por-
tion is divided by a plurality of (four) slits that extend ra-
dially. Therefore, the bowl-shaped elements 24 are
bulgeable to increase its outer diameter.
[0062] When the group of the bowl-shaped elements
24 are pressed toward the tip end 3a of the hollow shaft
3 using the bolt 9, each of the bowl-shaped elements 24
deforms expansively, thereby causing the radially expan-
sive portion 7 to bulge. The outer circumference of each
of the bowl-shaped elements 24 is convexly curved in
cross section to come into line contact with the radially
expansive portion 7.
[0063] In the fifteenth embodiment shown in FIGS. 5(B)
and 5(C), the radially expanding action member compris-
es a group of discontinuous rings 27 each bent into an
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annular shape, and balls (steel balls) 28 each arranged
between the adjacent rings 27. The rings 27 are formed
by bending a wire having a circular cross section sub-
stantially into a circular form. However, since one end of
the wire is not connected to the other end, the ring 27
deforms expansively under pressure from the balls 28.
[0064] In this embodiment, the radially expansive por-
tion 7 can be expanded uniformly in the circumferential
direction by the rings 27. Therefore, it is expected that
the radially expansive portion 7 is prevented from coming
into localized contact with the pre-formed hole 2, conse-
quently providing a very high withdrawal resistance.
[0065] In the sixteenth embodiment shown in FIG.
5(D), a rod 19 is arranged between the bolt 9 and the
balls 10. Therefore, the bolt 9 may be shortened, and the
time needed for machining the female screw hole 8 can
be reduced.
[0066] In the seventeenth embodiment shown in FIGS.
5(E) and 5(F), a wavy element 30 that is bent into a zigzag
manner in the axial direction is used as the radially ex-
panding action member. The wavy element 30 is divided
into four equal sections in the circumferential direction
(or may be divided into three equal sections or five or
more equal sections). Therefore, when the wavy element
30 is pressed by the bolt 9, its outer diameter increases
due to a reduction of its length, consequently causing the
radially expansive portion 7 to bulge.
[0067] A stopper rod 31 is provided in a portion sur-
rounded by the wavy element 30. Due to the presence
of this stopper rod 31, the wavy element 30 deforms to
increase its outer diameter. The stopper rod 31 is inte-
grally or separately formed on the bolt 9, and slides in a
hole 32 formed in the tip end 3a of the hollow shaft 3
when the bolt 9 is screwed in. In this embodiment as well,
the sections divided by the slits 6 can be bulged uniformly.

(6). Use Example (FIG. 6)

[0068] FIG. 6 specifically shows an exemplary use of
the expansion anchor shown in FIG. 3 (A). In this exem-
plary use, the expansion anchor is applied to a ceiling
portion 1’ of a tunnel, for example, and the fixing male
screw 16 provided at the base end of the hollow shaft 3
is exposed downward from the ceiling surface. An upper
piece 33a of a channel suspension fitting 33 is fixed to
the ceiling surface using the nut 17, and a suspension
bolt 34 is attached to the lower piece 33b of the suspen-
sion fitting 33. The suspension bolt 34 is used to suspend
a ceiling panel or a ceiling frame.
[0069] A socket bolt in which a hexagonal hole is
formed in its head is used as the bolt 9 for expanding the
radially expansive portion 7, and the head is exposed
downward from the ceiling surface (a bolt with a polygonal
head can also be used) . It is possible to determine, by
rotating the bolt 9 with a torque wrench 35, whether or
not the hollow shaft 3 retains an appropriate withdrawal
resistance. In this case, when the torque wrench 35 in-
dicates a predetermined value of measurement with the

bolt 9 kept non-rotated, an appropriate withdrawal resist-
ance is still retained, so that it is not necessary to take
any specific countermeasure.
[0070] On the other hand, when the bolt 9 rotates be-
fore the measurement of the torque wrench 35 reaches
the predetermined value, the biting force of the radially
expansive portion 7 against the installation region 1 may
have decreased. Therefore, the bolt 9 is rotated until the
measurement of the torque wrench increases to the pre-
determined value. In this way, the provision of the fixing
male screw 16 at the base end of the hollow shaft 3 en-
ables the maintenance of the expansion anchor (adjust-
ment of withdrawal resistance) without removing the sus-
pension fitting 33. Therefore, the maintenance can be
performed easily and efficiently.
[0071] It should be noted that, as a bolt 9 for expanding
the radially expansive portion 7, use may be made of a
hexagonal-socket bolt having no enlarged head or a bolt
with a quadrangular head the circumcircle of which has
a diameter equal to or smaller than the outer diameter of
the screw thread. The use of such a bolt is advantageous
in that it does not affect screwing of the nut 17.

(7) Testing Results

[0072] The inventors of the present invention tested
the performance of emodied products of the present in-
vention. FIG. 7 shows the test. FIGS. 7(A) and 7(B) show
samples that were used in the test. The samples were
similar to the first embodiment. The outer diameter was
10 mm, the entire length was 60 mm, the inner diameter
of the hollow shaft was about 6 mm, and a 8-mm bolt
was used as the bolt 9 (the inner diameter of the pre-
formed hole of a 8-mm female screw corresponded to
the inner diameter of the hollow shaft).
[0073] Regarding an A-type exemplary sample, the ra-
dially expansive portion 7 had a length of about 25 mm,
the hollow shaft 3 had a constant diameter over the entire
length thereof, and the tip end was closed. Regarding a
B-type exemplary sample, a portion of about 8 mm at the
tip end was squeezed, and therefore, the radially expan-
sive portion 7 was shorter than that of the A type. In both
samples, a plurality of diametrically different steel balls
were used as the radially expanding action member.
More specifically, one ball having an outer diameter of 6
mm, three balls having an outer diameter of 4.5 mm, three
balls having an outer diameter of 5 mm, and one ball
having an outer diameter of 6 mm were arranged in this
order from the bolt 9 side.
[0074] A conventional product (commercially available
product) C shown in FIG. 7 (C) was used as a compar-
ative example. Regarding this conventional product C,
the entire length and outer diameter were the same as
those of the two samples (60 mm, 10 mm), and four slits
C2 were formed in the tip end side of a hollow shaft C1
to be open at the tip end face. Thus, a portion in which
the slits were formed was an radially expansive portion
C3 to be expanded into a flaring manner. A pin C4 was
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inserted into the hollow shaft C1 from the base end. The
pin C4 had a tapering tip end. When the pin C4 was hit
into the radially expansive portion C3, the radially expan-
sive portion C3 was expanded. Therefore, the withdrawal
resistance of this comparative example C became con-
stant.
[0075] Two A-type samples and two B-type samples
were manufactured, and the withdrawal resistance there-
of was measured at varying screwing torques of the bolt
9. The graph in FIG. 7(E) shows the results. Specifically,
in FIG. 7(E), the horizontal axis F indicates the screwing
torque of the bolt 9, whereas the vertical axis S indicates
the withdrawal resistance. A concrete block was used as
a target product serving as the installation region.
[0076] A1 was an A type in which the outer circumfer-
ence of the radially expansive portion 7 was knurled, and
A2 was an noraml A type in which the outer circumference
of the radially expansive portion 7 was smooth. B1 was
a B type in which the outer circumference of the radially
expansive portion 7 was knurled, whereas B2 was a nor-
mal B type in which the outer circumference of the radially
expansive portion 7 was smooth. Knurling was performed
in an inclined lattice pattern with a fine pitch.
[0077] The graph in FIG. 7(E) clearly shows that the
withdrawal resistance increases with an increase in the
screwing torque of the bolt 9. It can be understood from
these results that the withdrawal strength can be control-
led to a desired level by controlling the torque of the bolt
9. It can also be understood that the withdrawal resist-
ance increased due to knurling, and there was no signif-
icant difference between the A type and the B type.
[0078] The graph in FIG. 7(D) shows relationship be-
tween the amount of shift of the expansion anchor and
the withdrawal resistance when the expansion anchor
was pulled using a drawing test machine. Specifically, in
the graph in FIG. 7(D), the horizontal axis indicates an
axial shift, while the vertical axis indicates a withdrawal
resistance.
[0079] The test used an A1 type bolt 9 that was
screwed at 20 KNm, an A1 type bolt 9 that was screwed
at 8 KNm, and a comparative example C. In either of
these samples, the withdrawal resistance of the anchor
had a peak value, and the withdrawal resistance de-
creased with an increase of drawn amount after exceed-
ing the peak value. Such a result was predictable.
[0080] On the other hand, in the graph in FIG. 7(D), it
is noteworthy that, in the comparative example C, cone-
type failure occurred in concrete due to a shift of more
than 9 mm, so that no further drawing became impossi-
ble, whereas in both embodiments of the present inven-
tion did not suffer from cone-type failure. In particular,
although the sample screwed at 20 KNm exhibited a with-
drawal strength higher than the comparative example C,
cone-type failure did not occur in the installation region.
This fact shows that the embodied sample of the present
invention is very useful in preventing cone-type failure.
[0081] The above-noted experiment, which was per-
formed in a simple manner by the inventors of the present

invention, is considered to clearly show the features of
the present invention. It is believed that, in the future,
better implementations may be provided by selecting the
dimensions of various elements. An A type sample and
a B type sample were prepared in which 6-mm balls were
arranged one at each of the front end and the rear end
and thirty 3-mm balls were arranged between both balls.
Though the withdrawal resistance of these samples was
not measured, the sections divided by the slits 6 bulged
substantially uniformly.
[0082] As a manner of arranging diametrically different
balls 10, a multiplicity of diametrically larger balls having
substantially the same diameter as the inner diameter of
the radially expansive portion 7 are arranged, and a plu-
rality of (e.g., four to six) diametrically smaller balls are
arranged between adjacent ones of the diametrically
larger balls generally at an axial center of the radially
expansive portion 7. In this example, it is expected that
the sections divided by the slits bulge uniformly due to
the plurality of diametrically smaller balls that are radially
pushed by the two diametrically larger balls sandwiching
them.

(8) Further Variations

[0083] When the samples A and B shown in FIG. 7
were examined, only a certain circumferential position of
the radially expansive portion 7 bulged largely. It is con-
sidered from this fact that, in order to increase the with-
drawal resistance, the radially expansive portion 7 need
not bulge uniformly over the entire circumference, but
rather deep biting engagement is important.
[0084] In this case, when bulging occurs at positions
of the radially expansive portion 7 that are displaced ax-
ially and circumferentially as shown in FIG. 8(A), it is ex-
pected that a high withdrawal resistance can be obtained
while suppressing an increase in compressive stress on
the installation region 1 (thus preventing cone-type fail-
ure). It should be noted that, in the embodiment shown
in FIG. 8(A), the member 13 is fixed to the installation
region 1 using the bolt 9 for bulging the radially expansive
portion 7.
[0085] When the radially expansive portion 7 is divided
by four slits, it is considered ideal that the four sections
are bulged at alternately different positions which are dis-
placed circumferentially and axially from each other as
shown in FIG. 8 (B). When the radially expansive portion
7 is divided by three slits, it is considered ideal that the
three sections are bulged at alternately different positions
which are displaced circumferentially and axially from
each other as shown in FIG. 8(C). Even when two bulges
are located at the same axial position and at diametrically
opposite positions with respect to the axis, it is considered
possible to secure a high withdrawal resistance without
causing cone-type failure.
[0086] When the balls (steel balls) 10 are used as the
radially expanding action member, the balls 10 come into
contact with the radially expansive portion 7 from the in-
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side in an irregular manner. Therefore, it may be difficult
to cause bulging of the radially expansive portion 7 at
positions that are axially displaced from each other. In
one example of a countermeasure against this, as shown
in an eighteenth embodiment shown in FIG. 8(D), auxil-
iary members 36 are inserted into the radially expansive
portion 7, so that the radially expansive portion 7 is
caused to bulge via the auxiliary members 36.
[0087] Specifically, the auxiliary members 36 are ar-
ranged in corresponding relation to and without any cir-
cumferential shift from the sections of the radially expan-
sive portion 7 divided by the slits, and outward protrusions
36a are provided at axially shifted positions on the aux-
iliary members 36 respectively. The auxiliary members
36 have such a strength that they do not easily deform.
When the group of the balls 10 are pushed by a bolt, the
auxiliary members 36 are radially pushed, and the re-
spective sections of the radially expansive portion 7 are
bulged due to the protrusions 36a of the auxiliary mem-
bers 36.
[0088] In a nineteenth embodiment shown in FIG. 8(E),
at least the radially expansive portion 7 is formed in an
elliptic shape, and four slits 6 are formed to circumferen-
tially separate thin portions and thick portions. In this em-
bodiment, the thin portions are concentratively deformed,
so that the radially expansive portion 7 can be easily
bulged in a symmetrical manner. (The balls come into
contact with the thin portions at axially separated posi-
tions. Therefore, even when the radially expansive por-
tion 7 is bulged in a symmetrical manner, the bulges are
shifted in the axis direction.)
[0089] In a twentieth embodiment shown in FIG. 8(F),
the slits 6 are formed at uneven intervals in the radially
expansive portion 7 which is perfectly circular, thereby
providing easily deformable zones in the radially expan-
sive portion 7. In this case as well, so that the radially
expansive portion 7 can be easily bulged in a symmetrical
manner.
[0090] In the case where a member is fixed using an
anchor that is hit into a wall, for example, a downward
load is applied to the member, so that a high withdrawal
resistance can be obtained when the radially expansive
portion 7 bulges upward. In the embodiments shown in
FIGS. 8 (E) and 8(F), the radially expansive portion 7
bulges constantly in one direction. Therefore, when the
hollow shaft 3 is set to assume a predetermined rotational
orientation, the radially expansive portion 7 can be made
to bulge in a desired direction. This point is one of the
advantages of the embodiments shown in FIGS. 8(E)
and 8(F).
[0091] In a twenty-first embodiment shown in FIG.
8(G), two pins 37m 38 are inserted into the hollow shaft
3 at a forward position and a rearward position, respec-
tively, and a plurality of balls 10 are arranged between
the two pins. The pins 37, 38 are formed into a bullet
shape having a tapering tip end, and they are arranged
such that their tip ends face each other. Therefore, when
the rear side pin 38 is pushed using a bolt, the balls 10

are rearranged into a circumferential array due to the
clamping action of the pins 37, 38 while moving outward
orthogonally to the axis in such an array. Accordingly,
the radially expansive portion 7 can be made to bulge
accurately at a predetermined position.
[0092] The number of the balls 10 may be set to be
three to ten, for example. In this embodiment, when the
two pins 37, 38 come into contact with each other, the
bolt 9 cannot be further screwed, consequently prevent-
ing the radially expansive portion 7 from bulging exces-
sively. In other words, in this embodiment, the maximum
screwing torque of the bolt 9 can also be controlled. The
tip ends of the pins 37, 38 may be conical or frustoconical,
or may be curved to be outwardly concave as opposed
to the illustrated embodiment.
[0093] The features shown in FIG. 8(G) and the fea-
tures shown in FIG. 8(E) or 8(F) may be combined for
causing the radially expansive portion 7 to readily bulge
at two opposite positions that are separated by 180 de-
grees. It is also possible to use three pins and arrange
balls 10 between the adjacent pins. In this case, two ra-
dially expansive portions 7 are provided as axially sep-
arated from each other, so that the two radially expansive
portions 7 are separaly expansive using the balls. There-
fore, the embodiment shown inFIG. 8 (A) maybe realized
easily. Use may be made of four or more pins for bulging
at three or more axially different portions.
[0094] In the twenty-first embodiment shown in FIG.
8(G), an annular groove 39 is formed in the outer circum-
ferential surface of the pin 38 at an rear end portion, and
an O-ring (or a rubber ring) 40, which is an example of a
removal restraining means, is fitted in the annular groove
39. The O-ring 40 is fitted into the hollow shaft 3 in an
elastically deformed state, so that it does not remove
easily. Therefore, the balls 10 are prevented from falling
out due to careless handling during assembly. Even
when the bolt 0 is removed after the installation, the pins
37, 38 and the balls 10 do not fall out.

(9) Other Embodiments

[0095] The present invention may provide various oth-
er embodiments in addition to the above-described em-
bodiments. For example, the radially expanding action
member is not limited to those shown in the drawings,
and any radially expanding action member may be used
as long as it is capable of pressing against the radially
expansive portion from the inside in response to a push-
ing action of the bolt. Therefore, a wire rod bent into a
bow shape or a helically wound member such as a coil
spring may also be used. When a helically wound mem-
ber having a triangular or trapezoidal cross section is
used, it is capable of providing a high radially expanding
action.
[0096] As a means for enhancing the ability of prevent-
ing the hollow shaft from withdrawal, the outer circum-
ferential surface of the radially expansive portion may be
provided with a multiplicity of projections. A member such
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as a suspension fitting may be welded in advance to the
hollow shaft. Further, the hollow shaft, the radially ex-
panding action member and the bolt may be made of a
resin if there is no problem with respect to thermal resist-
ance. The radially expansive portion may also be formed
by replacing the slits with a multiplicity of holes or thin-
walled sections.
[0097] Regarding a means for preventing the radially
expanding action member such as balls from falling out,
a plug made of a soft material such as rubber, for exam-
ple, may be inserted into the hollow shaft. The plug is
crushed by the bolt, so that it does not pose any problem
with respect to the function of pressing against the balls.
When the bolt is removed, the plug is held inside the
hollow shaft, so that the radially expanding action mem-
ber such as balls can be prevented from falling out.
[0098] As another removal preventing means, use may
be made of a metal plug formed on its outer circumfer-
ence with an annular groove for fitting an elastic ring such
as an O-ring. In this case, the radially expanding action
member such as balls is pressed by the bolt via the plug.

INDUSTRIAL APPLICABILITY

[0099] The present invention can be practically em-
bodied as an expansion anchor. Therefore, the present
invention is industrially applicable.

Description of Signs

[0100]

1 Installation region
2 Pre-formed hole
3 Hollow shaft
3a Tip end
3b Base end
4 Flange
6 Hole
7 Radially expansive portion
8 Female screw portion
9 Bolt for expanding radially expansive portion
10 Metal ball as an example of radially expanding
action member
12 Bolt for fastening a member
13 Member attached using an expansion anchor
15 Engaging male screw for engagement with a pre-
formed hole
16 Fixing male screw
17 Nut
24 Bowl-shaped element as an example of radially
expanding action member
27 Ring as an example of radially expanding action
member
30 Wavy element as an example of radially expand-
ing action member
33 Suspension fitting
34 Suspension bolt

35 Torque wrench

Claims

1. An expansion anchor comprising:

a hollow shaft to be inserted, from a tip end there-
of, into a pre-formed hole formed in an installa-
tion region, and a bolt to be screwed into the
hollow shaft from outside the installation region,
wherein the hollow shaft is formed with a radially
expansive portion, that is weakened to be bulge-
able, at a portion of the hollow shaft within the
pre-formed hole and short of the tip end of the
hollow shaft, and the hollow shaft is internally
provided with a radially expanding action mem-
ber that pushes the radially expansive portion
radially outward in response to pushing action
caused by screwing of the bolt into the hollow
shaft.

2. The expansion anchor according to claim 1,
wherein the radially expansive portion of the hollow
shaft is formed with a plurality of axially elongated
slits that are circumferentially spaced from each oth-
er.

3. The expansion anchor according to claim 1 or 2,
wherein the radially expanding action member in-
cludes a multiplicity of metal balls, and the radially
expansive portion is allowed to bulgingly deform due
to the balls moving radially outward in group in re-
sponse to a push from the bolt.

4. The expansion anchor according to claim 3,
wherein the radially expansive portion has an axial
length that is at least twice an outer diameter of the
hollow shaft.

5. The expansion anchor according to claim 3,
wherein the hollow shaft is configured such that the
other end is exposed outside the installation region,
at least a portion of the hollow shaft that is exposed
outside of the installation region is formed with fixing
threads, and the fixing male screw is engageable
with a nut for mounting another member.
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